shows a top view of the interaction region layout.
Introduction
It is currently planned that in HERA electrons and protons will collide "head on" [1, 2, 3] and that longitudinal polarization will be realized using the mini-rotator concept [4] . The plan to use a crossing angle has been dropped in order to avoid beam blow up due to the beam-beam interaction [5] , but the HERA tunnel geometry is such that a later return to a non-zero crossing angle would not be excluded. An antisymmetric version of the mini-rotator was also considered but given up in favour of a strictly symmetric head on version with mini-rotator, which leaves more room for rf cavities.
Interaction Region The two most important requirements for a head on collision scheme are: a) e-p separation should be strong in order to save space for e-cavities and to allow the proton low beta quadrupoles to be close to the interaction point (IP). b) On the other hand, the separation should be weak to avoid high synchrotron radiation power and high photon critical energy in the detector region and in the superconducting components of the proton beam line. Figure 1 shows a top view of the interaction region layout.
T°OPA VIEWV Figure 1 : HERA interaction region layout ("3 alpha").
In order to achieve sufficient separation, an e-deflection angle of 10 mrad has been chosen, which had to be incorporated into the spin rotator layout [2, 6] . In order that the electron beam can pass close to the proton beam (about 8 cm only) and so that the first proton quadrupole can be as close as possible to the IP, an off-axis half quadrupole with a mirror plate must be used, and this is effectively already a combined function magnet, a fact which is very convenient, since it is clear that the angle of proton deflection in the separator magnets depends on the energy of the proton beam, eventually resulting in a kick error. This can be compensated quasi-locally in these combined function magnets. The interaction region parameters will be: Figure 2 shows a top view of the HERA straight section layout. The tunnel geometry has been chosen not only to accomodate this layout but also to leave room for possible alterations such as a crossing angle at the IP, antisymmetric spin rotators or solenoid spin rotators [7] . A side view is sketched in fig. 3 . In the HERA proton ring the main dipoles and the main quadrupoles are excited by the same current. Since the focal lengths in the straight sections will be different from those in the periodic arc, this has necessitated modifying the straight section quadrupole lengths. However, it is unacceptable that the resulting optics is totally inflexible. Among others, one reason is that for: * Injection operation:
The largest acceptance is needed at injection energy (40 GeV). At injection, however, large 3-values and D. / 0 are allowed at the interaction point.
Thus, in order to reduce aperture requirements (especially in critical elements such as low beta quadrupoles, kickers, and s.c. elements), a special injection optics is needed. Then, the aperture requirements as scaled from the arc according to [8] Ap(s) = (AParcDarc) ms) + P D(s) arc can be fulfilled in the whole straight section without technical complications. To make such an injection optics we need 12 variable quadrupoles per octant including the low beta quadrupoles [3] . Fortunately, the changes in most quadrupoles are so small that they can be realized using correction quadrupoles [9] .
The first superconducting element in the proton beam line (as seen from the IP) would normally be the vertical bending dipole Bup, see figs. 1 and 2. It is seen from fig. 4 , however, that this magnet needs a non-standard aperture in the horizontal direction. Furthermore, it is subject to a considerable portion of the synchrotron radiation from the e-p separator. Development of a special, warm bore dipole can be avoided if this magnet is also normal conducting. b) Electron straight section lattice and optics.
The most important design considerations are as follows: * The low beta insert and electron-proton separation must be combined. 
